Severe Hyporegenerative Viral
Fulminant hepatic failure is a rare complication of viral or drug hepatitis resulting from a massive necrosis of liver cells. The clinical syndrome is associated with biochemical evidence of severely impaired liver function (Trey & Davidson 1970) . In adult patients with Stage IV encephalopathy the condition is lethal within 2 weeks in 80-90 % of the cases (Williams 1974) . In patients, however, who had survived severe acute viral hepatitis with coma, complete recovery was observed implying resolution of the triggering viral disease (Karvountzis et al. 1974) . The prognosis in children appears slightly better and neurological manifestations are less frequent (Trey 1970 . Indeed, out of 21 children referred to the department of pediatrics (H6pital d'Enfants, Biatre) within the last 4 years, with acute liver failure of viral origin, 7 survived with complete recovery. However, what was striking to observe was that among the 14 other patients, although 7 died within a fortnight, the 7 others experienced persistent hepatic failure of unusually long duration in spite of evidence of liver regeneration.
Patients and Methods
All 21 patients had a history of acute symptoms of less than 4 weeks. They presented the clinical, biological and histological features of severe acute viral hepatitis with levels of prothrombin activity of 15 % (per cent of control) or less at admission time. None of them had fructosemia, galactosxmia, Wilson's disease; cytomegalovirus, rubella virus, Epstein-Barr virus, or herpesvirus infections, or toxoplasmosis. All patients received similar supportive care: exchange transfusions with fresh blood or fresh heparinized (20 j.g per ml) plasma when required for bleeding tendency; normocaloric diet low in salt and in protein (1 g per kg) and high in carbohydrates in order to assure a blood glucose level above 0.04 g/100 ml. Diet was distributed in six meals given every 4 hours.
In all the 21 patients liver function tests including transaminase, gammaglobulin, albumin, bilirubin and clotting factors were repeated every week or more frequently at first and, later on, every fortnight.
Tests for hepatitis B (HB) virus were performed by Centre National de Transfusion Sanguine, Paris. An individual was regarded as HB,Ag positive when the antigen was detected by at least two of the following procedures: counterimmunoelectrophoresis; microcomplement fixation; inhibition of passive hemagglutination (PHA); and radioimmunoassay in fluid phase (RIA). HBSAb was measured by PHA and RIA . The tests were repeated during the course of the disease. The same tests were performed in parents and siblings of all patients.
Alphafetoprotein in the serum was measured by single radial diffusion methods in gel (Buffe & Rimbaut 1973) . By this procedure, the minimal detectable level is > 10 gg/ml. Complement (C) and complement components were measured by hwmolytic and immunochemical assays. Sensitization of sheep erythrocytes, measurements of total complement, Cl to C5 activities in 50 % hmmolytic units were determined according to published methods (Mayer 1961 , Nelson et al. 1966 . Single radial immunodiffusion, in agarose gel containing O.OlM EDTA, was used for quantitation of Clq, C4, C3PA (factor B) and C3 (Mancini et al. 1965) . The levels are expressed in per cent+ standard error of a reference pool constituted with serum specimins from healthy volunteer blood donors (Le Prevost et al. 1975) .
Liver biopsies were performed with the Menghini needle after exchange transfusion or fresh plasma infusion. The specimens were fixed in Bouin's solution for light microscopy and processed in the usual way.
The following additional tests were performed in the 7 patients with prolonged survival. HBCAb in serum was detected by indirect immunofluorescence (Brzosko et al. 1974) . Tests for cryoglobulinemia were carried out as described by Winfield et al. (1975) . Liver biopsies were performed at an early stage in 4 cases and in the late stages in all 7 cases with the Menghini needle. One part of every specimen was fixed in Bouin's solution, another part was rapidly frozen in isopentane precooled in liquid nitrogen. Specimens were kept at -80°C and transported on dry ice. HBAg, HBCAg, IgG, IgM, IgA, and beta-lC globulin were sought in frozen tissue sections according to previously described methods (Brzosko et al. 1974 , Nowoslawski et al. 1975 .
Results
The 7 patients with prolonged survival (Group A) were compared with the 14 others who showed the more usual course. Of the latter, 7 died (Group B) and 7 completely recovered (Group C). Major clinical and laboratory data of patients of all groups are summarized in Table 1 total C and C component values (Fig 1) were similar in all patients. In addition, liver biopsies performed early in the disease in 4 patients of Group A revealed the usual features of fulminant hepatitis with massive necrosis, that is, scattered pale hepatocytes and no inflammatory cells. Although no difference could be found between patients of the 3 groups at admission time, the course of the disease was strikingly different. In patients of Groups B and C, as observed in adults (Rueff & Benhamou 1973) , the condition progressed rapidly either to death (average time from acute liver failure to death was 11 days) or to recovery (Table 1 ). In patients of Group A the course was unusual. Six out of 7 patients died, with a mean survival time of 55 days ranging from 28 to 80 days (Table 2) . One patient is still alive after 90 days. After the first week of overt disease with maximum risk of bleeding episodes, a clinical and biological steady state was reached. The size of the liver was not reliable, mostly because of spontaneous or therapeutic variation of ascites that was present to a certain extent in all cases. In addition, except for Patient 2 ( Sequential estimations of transaminase and gammaglobulin levels displayed a similar pattern in Groups A and C (Fig 2) . The pattern of clotting factors VII and X and of humolytic values of total C, C4 and C3 was very unusual (see Fig 2 and 3) in patients with prolonged survival (Group A) compared with patients who recovered completely (Group C). In the latter, a rapid return to normal was observed. In the former, the values remained level and were similar to those in patients who died quickly (Group B). The progressive decrease of serum albumin was either masked by fresh plasma infusions given for bleeding tendency or before liver biopsies, or compensated by i.v. administration of salt-poor albumin.
In spite of absence of improvement in clotting factors and complement values throughout the illness, some evidence of liver regeneration was demonstrable in the Group A patients. In 5 out of 7 cases, serum alphafetoprotein was increased during the course of the disease, reaching peak levels during the first 2 weeks (Table 2) . These values did not significantly differ from those observed in patients who had favourable outcome (Table 3 ). The mothers of Patients 1, 3 and 4 were chronic carriers of HB virus. The other 4 siblings of Patient 7 had developed viral hepatitis 4 and 2 months previously. In the 3 patients in whom HBAg was present at admission, the antigen spontaneously disappeared within 48 hours.
A search for cryoglobulins, performed several times, remained negative in the 7 patients. No antibodies to thyroid, smooth muscle, stomach, kidney, DNA or mitochondria were found.
Immunofluorescence performed on frozen liver blocks did not reveal the presence of HBsAg or HBAg in any specimen. Normal amounts of immunoglobulins and fibrin/fibrinogen were detected in liver sinuses and blood vessels. Hepa-
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Discussion
The 7 patients in Group A were remarkable because the course of their illness was so strikingly different from that usually seen in adults with fulminant viral hepatitis (Rueff & Benhamon 1973) . At admission, the clinical, biological and histological features of these patients did not differ from those of the 14 other children observed with the same disease over the same period. The latter either died within 2 weeks or recovered. Signs of recovery were expressed by a progressive increase of clotting factor activities and complement titres. The protracted course of the disease experienced by the Group A patients was unique. Indeed, the mean survival time in Group A was 55 days as compared with 11 days in Group B (P<0.001) or 10 days or less in 90% of adult patients with a lethal outcome following fulminant hepatitis (Rueff, 1976, personal communication) .
From the onset of overt disease until death, all patients of Group A remained jaundiced without showing signs of improvement or further deterioration. A few days after admission, a biological steady state was observed. The estimations of clotting factors, especially factors VII and X, and complement, predominantly C4, remained extremely low. Alphafetoprotein reached maximum levels during the first 2 weeks and remained in plateau thereafter. In these patients, it appeared that any insult would precipitate death. Indeed, death appeared to be the consequence of medical intervention; for instance, venous catheters were possibly responsible for sepsis in 5 patients. It was, therefore, decided to minimize the risks for the last child we observed (Patient 5). This boy, who is still alive after 3 months, has been placed in a protected environment without intravenous infusions, and blood has been drawn for biological controls every fortnight only (Fig 3) .
The spectrum of clinical presentation of subacute hepatic necrosis (Peters 1975) described in adults (Cayley 1883 , Klatskin 1958 , Tisdale 1963 , Summerskill 1974 ) renders comparison difficult with the cases we observed in children. Furthermore, the histological findings are not consistent with those described by Boyer & Klatskin (1970) .
The most puzzling feature of this group was the absence of an efficient process of regeneration of the liver. There was, however, some ongoing regeneration, as indicated by increased values of alphafetoprotein and by the presence of giant cells, functional pseudoacini and microscopic nodules revealed at histological examination of biopsies performed at a later stage of the disease.
Several factors can be considered to account for the inefficiency of liver regeneration and subsequent lack of recovery. The evidence is against the persistence of the causal viral infection. In patients with HBSAg present at the onset of the disease the antigen spontaneously disappeared within a few days. In addition, although the disease certainly had an HB virus etiology in 6 out of 7 cases, neither HBS nor HBcAg were detected in the liver by immunofluorescence (Table 3) .
Nor does self-perpetuating liver disease of autoimmune nature, triggered by the viral infection and involving humoral immune factors, seem to be involved, as judged by the decreasing level of gammaglobulins (Fig 2) , the absence of autoantibodies, and the scarcity of mononuclear cell infiltration in the liver. However, a mechanism of destruction caused by a cell-mediated, autoimmune response cannot be ruled out.
Histological examination ofthe liver undertaken at the late stage of the disease revealed destruction of the architecture and of the reticulin framework. Since necrosis of regenerating liver nodules was seen in 3 of our cases, it appeared that destruction of the liver structure leading to an impairment of vascularization and, subsequently, to reduced oxygenation (Saunders et al. 1972 , Ishak 1973 ) may be responsible for the lack of effective liver regeneration. This unusually long survival in severe viral hepatitis in children may be the consequence of improvement of supportive care and, especially, of the scarcity of acute neurological manifestations and of the occurrence of the viral disease in a previously unchallenged liver.
All the therapeutic approaches in patients with fulminant hepatitis are based on the premise that sooner or later liver regeneration will occur. However, if there was impairment of liver vascularization in patients with prolonged survival following severe acute hepatitis, the only possible treatment would be an early liver transplant.
Summary
Seven children aged 2 months to 9 years with severe acute viral hepatitis, of HB origin in 6, were studied. When compared with 14 other age-matched children admitted to the hospital during the same period with the same disease, no clinical, biological or histological differences were observed on admission. The course of the illness in the former group, however, was markedly different from the latter, since they all had prolonged survival. Six out of 7 died with an average survival time of 55 days. The seventh child is still alive after 90 days. All these patients exhibited persistence of jaundice and depression of clotting factors, total complement and complement component activities. No clinical or biological improvement occurred in spite of liver regeneration, as judged by increased levels of alphafetoprotein and the presence of pseudoacini, giant cells and nodules at histological examination. A search for a persisting HB viral infection and manifestations of an autoimmune liver disease was negative. The mechanism responsible for the inefficiency of complete regeneration is unknown.
